Recent observations by Hodge and Metcalfe (1957) have demonstrated the ability of a number of hydrophilic colloids to flocculate cells of various bacterial species. Flocculation of the cells occurred by a mechanism previously proposed by Michaels (1954) ; namely, adsorption of the flocculant on the hydrated surface of the colloid particle, and a bridging between the suspended particles. In general, it may be said that a phenomenon applicable to a number of bacterial organisms has been discovered, and that several different colloidal substances display this phenomenon.
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Thus, it is possible to collect by a physiochemical method cells in quantities usually secured only from centifugation. Cell masses collected by flocculation, in contrast to cells collected by centrifugation, can readily be made into uniform suspensions of infinite dilution. Cells collected by the use of hydrophilic colloids may have other desirable characteristics differing from centrifuge-collected cells.
To make use of these observations, efficient collection vessels must be developed. Such vessels should not require a volume of culture greater than can readily be produced in the laboratory and should collect essentially all cells present in the culture and concentrate them to a significant degree. This report describes several designs of vessels tested for collecting cells of Brucella suis using 2 per cent gelatin as the flocculant. When appropriate to the designs, the effects of vibration and angle of incline of the surface onto which the cells precipitate were tested. The effect of certain other variables on collection were determined and a method for establishing the rate at which flocculated cells move on these surfaces is presented.
MATERIALS AND METHODS
Growth media. Two types of media, tryptose and casein hydrolyzate, were employed. The tryptose medium was composed of 2 per cent Bacto-tryptose, 1.0 per cent Cerelose, 0.5 per cent sodium chloride, 0.001 mg thiamine HCl per ml, and 3 ppm FeSO4 *7H20. The casein hydrolyzate medium was composed of 1.0 per cent Cerelose, 0.5 per cent plasmolyzed yeast, and sufficient 20 per cent hydrolyzed casein hydrolyzate to furnish the equivalent of 2 per cent casein to the medium (20 per cent casein hydrolyzate was prepared by autoclaving 100 g casein, 670.0 ml deionized water, 33.0 ml concentrated H2SO4, and 20.0 ml 2 M H3PO4 and the resulting solution filtered through no. 2 Whatman filter paper; the filtrate was made up to a volume of 1000 ml with deionized water). All media were prepared in distilled water and adjusted to a pH of 6.7 to 6.8 with either sodium hydroxide or sulfuric acid. Prior to incubation, the media were sterilized in an autoclave for 20 min at 15 psi.
Cultural conditions. Brucella suis strain PSIJIk (Pollack et al., 1951) was used in all experiments. Stocks were maintained on tryptose agar slants. To initiate a culture, a slant of seed stock was washed with 5 ml of sterile tryptose medium. These washings were used to inoculate medium, using 2 per cent inoculum by volume. The resulting culture was incubated at 37 C for 24 hr on a reciprocating shaker which made 96 strokes with a 3-in. amplitude per min.
Addition of gelatin to culture. A stock solution of 20 per cent gelatin was sterilized with steam at 15 psi for 15 min, then cooled to 37 C and enough of this solution added to a 24-hr culture to make the resulting concentration of gelatin 2 per cent. The gelatin was added to the culture at 37 C just prior to the introduction of culture into the sedimentation vessel, unless otherwise noted. All gelatin used was USP grade.
Assay procedure. determining sliding velocity of surface, thereby causing a full scale deflection first in the upper, then in the lower instrument, indicated how long it took the bacterial cells to travel between the two light sources. Since the distance between the light sources was measurable, the rate at which the cells moved over the stainless steel surface could be computed.
In the operation of this apparatus, approximately 500 ml of sterile casein hydrolyzate medium containing 2 per cent gelatin were added to the sedimentation chamber. This quantity of medium filled the lower chamber to a point approximately 2 in. above the temporary plastic barrier. The use of sterile medium in the lower part of the chamber was necessary in order to keep the turbidity low so that the beam of light could penetrate the liquid and be measured. The upper chamber was filled with a 24-hr-old culture of B. suis containing 2 per cent gelatin and, after a few minutes, the plastic barrier was removed. This allowed the flocculated cells from the culture to slide downward, passing through the clear sterile medium. The distance between light sources was measured and the time at which the sliding cells caused a full scale deflection at the upper and lower light sources was recorded on the ammeter. The following conclusions, verified by statistical analysis, were made from the results: (a) After a sedimentation period of 4 hr, a significantly higher per cent recovery of cells was obtained in the sedimentation column with liner than in either of the cones. (b) The per cent recoveries of cells in the two cones and the glass settling-tube were not significantly different after a sedimentation period of 10 hr. (c) There was no significant difference in the concentration factor for the cones or column after a 4-hr settling period.
Trapezoidal-rectangular chamber with baffles. Experimental data were collected on the efficiency of a gravity settling-chamber (trapezoidal-rectangular shape) operating with continuous flow (see figure 5) . The chamber was constructed of Lucite with the base sloped at a 45-degree angle. A series of baffles was attached either to the top or base and so arranged as to force material introduced at one end and removed at the other in a continuous flow to follow a circuitous path.
The shortest possible path a bacterium could have taken through the apparatus would have been 15 in. However, because of turbulence and diffusion this distance was increased many fold. As a control, the sedimentation column with stainless steel liner was placed at a 45 degree angle from the vertical.
Both types of equipment were compared using 24-hr cultures of B. suis grown in casein hydrolyzate medium. After incubation all cultures were pooled. An aliquot Figure 5 . Trapezoidal-rectangular chamber of this pool was introduced into control column, the remainder was processed through the settling chamber. At the start of the process, flow into the chamber was restricted only by the size of the inlet needle, which was 0.1875 in. in diameter. After an hr, when the settling chamber was full, the rate of flow was regulated by the discharge needle which was either 13 or 15 gauge (0.069 or 0.054 in. in diameter). This latter flow rate averaged 1000 ml per hr. When the container was empty of culture, 30 min of static settling of the material remaining in the chamber was allowed to elapse before a viable cell count and volume measurement were made on the concentrate from the control column and settling column. In nine replications, the sedimentation column (with stainless steel liner inclined 45 degrees from the vertical) had an average concentration factor of 17.4 as compared to 17.8 for the rectangular settling chamber. The average recovery of viable cells introduced into the settling chamber was 62.4 per cent as compared to 51.6 per cent for the control; there was no statistically significant difference in recovery between the two designs. The recovery rate and concentration factor in the two designs under test were correlated significantly at the 5 per cent level. In this series of experiments, the average per cent recovery and concentration from the sedimentation column was 51.6 and 17.4, respectively, whereas in previous experiments an average per cent recovery of 85.9 and an average concentration of 25.3 were obtained. These two means were shown statistically to be from different populations indicating that some variation must have occurred, probably in either the culture medium or the growth cycle of the bacterium. Inasmuch as the recovery and concentration obtained using the rectangular settling chamber were better than those obtained using the sedimentation column with liner, it was concluded that the continuous flow rectangular settling chamber was as good as, or possibly better than, the batch-type equipment previously designed and tested.
DISCUSSION
It has been shown that B. suis cells, which range in size from 0.3 to 0.4 , (Breed et al., 1957) , consistently coalesce with gelatin into macroscopic particles. When these particles fall through the culture medium, the velocity of free fall is 1 in. per hr; however, when the particles are sliding down a stainless steel liner set at a 45 degree angle from the vertical and vibrated at 3600 cycles per min with an amplitude of 0.008 in., the sliding velocity is 15.9 in. per hr. Since under these conditions the rate while sliding greatly exceeds the free fall velocity, a minimum of free fall distance (consistent with engineering requirements) should be incorporated into the sedimentation apparatus.
Once the particles have begun sliding down the stainless steel liner, the most important requirement is to maintain the constant movement of the particles. In these experiments, constant movement of the particles on the inclined surface was accomplished by vibration at a frequency of 3600 cycles per min. It seems probable that a lesser frequency with the same amplitude would be satisfactory and possibly more effective, as the tendency for vibration to resuspend the aggregate should be less.
As flocculation progresses in a sedimentation chamber, the number of aggregates per unit volume increases. Thus, at the commencement of operation, the velocity of settling is independent of the initial height of the suspension and the dimensions of the sedimentation column. The flocculated particles are loosely deposited on the bottom of the chamber and start to build a loose matrix. As flocculation progresses, this matrix increases in height until the last aggregates coincide with the top of the matrix. Any particle, when it reaches the top of the matrix, enters a zone of inhibited settling, settling occurring only by compression. During this period, water is forced out of the matrix, passing through the minute crevices between particles. If, at the time the last flocculated particles reach the top of the matrix, the concentrate was withdrawn to another settling column and the supernatant was discarded, an effective volume reduction would be achieved. In the experiments conducted where the original viable cell count was 10 to 25 billion, the maximum height of the matrix of the concentrated cells had a ratio of 1:15 to the total chamber height. Thus, if under the given conditions the concentrate had been withdrawn when the volume concentration factor attained 15, a more rapid settling rate with smaller equipment could theoretically have been achieved.
The conical flocculating apparatus designed with the apex at the top appears to have several definite advantages over the cone with the apex at the bottom. The free fall distance in the former cone is very much shorter than in the erect cone, and the flocculated particles are generally moving away from each other, which would eliminate any hindered settling although it would tend to decrease the size of aggregates. The trapezoidal-rectangular design is adaptable to continuous flow and constant take-off of concentrate, but the free fall distance in any given volume would be greater than in the inverted cone design. The effect of eddy currents should be minimized in this apparatus since the direction of flow of the fluid is predetermined. SUMMARY Experimentation leading to the design of sedimentation vessels for the collection of vegetative bacterial cells has been shown. With vessels, viable cell recoveries of 75 per cent with a concentration factor of approximately 20-fold can be realized in 6 hr settling time.
The inclination of the settling surface of the sedimentation equipment should be 45 degrees for maximum ease of construction and over-all efficiency. Vibration of sedimentation equipment increases the recovery of viable bacterial cells.
The velocity of sliding of the gelatin-flocculated cells of Brucella suis was found to be 15.9 in. per hr on stainless steel placed at an angle of 45 degrees and vibrated at the rate of 3600 cycles per min with an amplitude of less than 0.008 in.
Cultures of B. suis grown in the presence of 2 per cent gelatin flocculate as readily and as completely as cultures which had 2 per cent gelatin added after incubation.
